There is a high incidence of gonorrhoea in many parts of the world. As time passes, the disease becomes more of a problem partly because of our inability to contain it by social methods (Holmes, Counts, and Beaty, 1971 ) and also because complications appear to be arising with increasing frequency. An attack of gonorrhoea confers no detectable protection to the host against subsequent exposure to the disease. Many workers have therefore been prompted to investigate the host response to the causative organism, Neisseria gonorrhoeae.
This bacterium, which is an intracellular parasite, induces in the infected patient an antibody response of circulating immunoglobulin G, and to a lesser extent immunoglobulin M (Cohen, Kellogg, and Norins, 1969) , and also of local secretory immunoglobulin A. The presence of delayed hypersensitivity in gonorrhoea was first demonstrated by skintesting methods at the beginning of the century (Teague and Torrey, 1907; Torrey, 1907) . It occurred during the second week of infection and increased in incidence and strength of reaction with the duration of infection or the presence of clinical complications. Although cell-mediated delayed-type skin hypersensitivity has long been known to occur, only recently has the technique of lymphocyte transformation been used to demonstrate the existence of a cellmediated immune response (Kraus, Perkins, and Geller, 1970 Specimens from ten patients without gonorrhoea were tested as controls, in addition to the controls used routinely in the lymphocyte transformation test.
Several batches of gonococcal antigen were used; these were prepared by different methods from old laboratory strains of the organism. Some of the sera were also tested against N. meningitidis and salmonella antigens.
Lymphocyte transformation technique
The test depends upon the ability of lymphocytes from sensitized patients to 'transform' into blast cells in vitro after contact with the sensitizing antigen. The number of 'transformed' cells was counted indirectly by labelling with C14 thymidine, which is incorporated into newly formed DNA and is thus a measure of 'blast' cell formation. The results were expressed as the stimulation index, this being the ratio of the counts per minute of the antigen-stimulated transformation to the counts per minute of the unstimulated control. 20 ml. of patient's blood were collected in heparinized universal containers, and also 10 ml. of blood into a plain tube. 3 per cent. dextran was added to three parts of heparinized blood to give a final concentration of 25 per cent. 5 ml. aliquots of this mixture were put into sterile tubes and incubated at 37°C. for 1 hr.
The supernatants containing plasma and cells were transferred into further sterile tubes (three supernatants per tube) and spun at 1,200 r.p.m. for 10 min. The plasma was discarded and each pellet re-suspended in 1 ml. of Medium 199, made up to 6 ml./tube. These were then spun at 1,200 r.p.m. for 10 minutes and the supernatant again discarded.
The cells were re-suspended to a volume of 3 ml. (approx. 1 ml./tube) in Medium 199, and 0 1 ml. of the suspension was placed in 0-8 ml. of Medium 199 with 0-1 ml. Late on the third day, 0 1 ml. C14 thymidine (0 25 ,u Ci) was added to each tube and the cultures were re-incubated overnight at 37°C. They were then centrifuged at 1,000 r.p.m. for 6 min. 1 ml. of normal saline at 4°C. was added to each, and after re-suspending the cells 1 ml. of 10 per cent. trichloroacetic acid was added. The suspensions were filtered through 2-cm. diameter glass-fibre filter pads. The tubes were washed with 5 per cent. trichloroacetic acid, which was also poured through the filters, and the pads were washed with 2 x 10 ml. AR methanol. The pads were then put into counting vials and dried at 60°C. without lids. To these dried pads were added 6 ml. toluene scintillation fluid containing 5 ml. hydroxide of hyamine per litre. The disrupted pads were then counted in a Tricarb liquid scintillation counter by standard methods.
For histological examination, the cells were re-suspended in 1 ml. normal saline, but, instead of adding trichloroacetic acid, 5 ml. of aceto-methanol (one part acetic acid to 3 parts AR methanol) were added, and the cells spun at 1,000 r.p.m. for 5 min. Each pellet of cells was re-suspended in 1 ml. aceto-methanol. Two smear preparations were made from each tube, air-dried, and stained with Jenner-Giemsa stain, and finally mounted for differential cell counting. This was done in order to ensure correlation with the C14 thymidine counting results and to observe the state of the cells in respect of toxicity, etc. The results were as expected and the preparations satisfactory.
Preparation of antigen
The strains of Neisseria gonorrhoeae used for antigen production were from freeze-dried old laboratory cultures designated CN 890 and CN 1000. These were originally isolated in 1943 and 1944. No Type 1 or 2 colonies appeared when these were grown on enriched gonococcal culture medium (Kellogg, Cohen, Norins, Schroeter, and Reising, 1968 Antigens A and B were prepared by a modification of the method described by Price (1933) . After the bacteria had been washed twice in sterile saline, the pH was adjusted to 10 0 using IN sodium hydroxide and the suspension was incubated at 37°C. for 2 hrs. The pH of the supernatant collected after centrifuging at 5,000 G for 45 minutes was adjusted to 5 0, using 12 per cent. w/v trichloroacetic acid, and incubated at 37°C. for 20 min. The pellet obtained after centrifugation at 5,000 G for 45 min. was re-suspended in 5 ml. sterile saline and the pH was adjusted to 7-0 using 0 1 N sodium hydroxide. The resulting suspension was used as Antigen B, and Antigen A was a similar suspension which had been passed through a sterile 0 2 ,u membrane filter. The latter procedure results in a depression of complement-fixing activity in the antigen.
For Antigen C, cells were washed and re-suspended in one half volume of phosphate buffer, pH 7-0. The suspension was sonicated at 25 kilocycles/second at 10 ,u amplitude in a MSE 10OW ultrasonic disintegrator for 2 mins. and unbroken cells and large debris were removed by centrifugation at 5,000 G for 20 min.
Antigen D was prepared by a buffer extraction procedure. Cells were washed in 0-05 M glycine-HCl buffer, pH 2-6, and centrifuged at 10,000 G for 20 mins. The pellet was re-suspended in 0-05 M tris-HCl buffer, pH 9 0, and the supernatant after centrifugation at 100,000 G for 2 hrs was used as Antigen D.
Antigen E was prepared from the pellet remaining after the preparation of Antigen C, using the treatment described for Antigen D.
A control antigen was made from a culture of Neisseria meningitidis Group D (CN 3327) by sonicating a suspension of cells as described for Antigen C. In this case the cells were obtained by suspending the growth from a Thomson flat of blood agar, after 24 hrs' incubation at 37°C. in 20 ml. sterile saline.
A sonicated suspension of Salmonella adelaide (CN 1430) was also used as a control antigen. The culture was grown on a Thomson flat of nutrient agar at 37°C. for 16 hrs and harvested in 20 ml. sterile saline.
Results and conclusions
The results are presented in the Table. A transformation ratio index of 3-0 or above was considered significant, and termed positive. In patients with gonorrhoea recently treated or untreated, positive transformations occurred in twelve, and were absent in two. Of the ten specimens taken from control cases, four were positive and six were negative. The transformation indices, however, were much higher in the gonococcal cases, and comparatively low in the control cases with one exception (Table) .
Detailed histories showed that, of the men with acute gonorrhoea who were tested, Case 1 (negative) had his infection for only 2 days on each occasion before treatment; Case 2 (positive) for 4 to 5 days before treatment; Case 3 (positive) for an unspecified length of time; Case 4 (positive) for 2 to 3 days in some attacks, and for a week or so in others, in the several attacks during the months preceding the test.
Of the women with gonococcal cervicitis who were tested, Case 6 (negative) had been infected twice by her husband and obtained treatment within 3 days of symptoms occurring; Case 7 (positive) attended a clinic a week or so after the onset of symptoms; Case 8 (positive) was infected by her husband, probably eight or more days before attendance; in Cases 9 and 10 (positive) the infection was of unspecified duration. Both case 11, of substantiated gonococcal salpingitis and Case 13, of probable post-gonococcal chronic salpingitis with gonococcal tonsillitis, gave a positive result, whereas Case 12, misdiagnosed as gonococcal salpingitis, gave a negative result.
Cases 14 and 15, a husband and wife (of whom the wife was a suspected carrier) who repeatedly infected each other were both positive.
In control tests, using the antigen from N. meningitidis, the results were negative in every case of gonococcal infection (Table) .
Thus, using gonococcal antigen, positive stimulation was obtained in the majority of gonorrhoea patients (85 per cent.), some of whom had had their infection for only a few days. When treatment had been given 2 to 3 days after infection, the results of the test were negative. In contrast, results were consistently positive when a patient had had gonorrhoea for only 4 to 5 days before treatment. In mice infected with Listeria monocytogenes, hypersensitivity may first be detected on the 4th or 5th day after infection (Mackaness, 1962 
